SUPPORTING INFORMATION

SUPPLEMENTAL EXPERIMENTAL PROCEDURES
EcAGPase Cloning, Expression and Purification.
EcAGPase Crystallization and Data Collection.
EcAGPase Structure Determination and Refinement.
EcAGPase Structure Analysis.
EcAGPase Thermal unfolding Analysis. Figure S1 , related to Figure 1. AGPase senses the energy status of the cell. A. In the scheme reactants and products of the reaction are depicted inside globes symbolizing the cellular pools of ATP (red), G1P (yellow), ADP-glucose (orange) and pyrophosphate (green). Main metabolic pathways are shown as boxes, catabolic routes in orange, anabolic routes in yellow and photosynthetic pathways in green. The paradigmatic key molecules acting as positive (red) or negative (blue) allosteric modulators in bacteria (AMP and FBP) and plants (PO4 and 3PGA) are shown as triangles. B-C. Proposed catalytic mechanism for EcAGPase. The formation of the nucleotide activated donor ADP-Glc occurs as a condensation reaction between ATP and a G1P (B). Specifically, the oxygen on the sugar PO4 acts as a nucleophile (arrows shows the displacement of an electronic pair) attacking the α-PO4 group of the nucleoside triphosphate leading to the liberation of pyrophosphate. The reaction is held in the presence of cation Mg 2+ (magnesium-dependent activity), which minimizes the charge repulsion between anionic phosphorous groups and proved to induce nucleophile activation in other nucleotidiltransferases; Swift et al., 2012) . In addition, Lys42 and Lys195 polarize these groups increasing the nucleophilic nature of the oxygen attacking the phosphor atom (20). In nature, the reaction is pull forward by the hydrolysis of PPi by inorganic pyrophosphatases, since the reaction have a ΔG~0, otherwise the reverse reaction displayed in panel C could also occurs. 1YP3 and 3BRK) , and depicting the side chains which complexes the ligands as well as the catalytic side chain of EcAGPase Lys42 and equivalent residues in other NDPases. A common orientation of the triphosphate motif along the NBL is observed for most of the structures. Exception to this common orientation are StAGPase (1YP3), reported as incompetent for catalysis binding mode, and GmlU (4K6R), reported as a pre-catalytic binding mode stabilized by the inability of the enzyme to use ATP. The position of Pi in EcAGPase•AMP•SUC is coincidental with the position of the γPO4 group of NTPs common orientation, being bound by the Arg32 side chain, a highly conserved residue in other NDP-sugar pyrophosphorylases. B. The consensus of the structural alignment of the portrayed regulatory motifs, showing the lack of conservation of the residues involved in AGPase regulation, Lys39, Arg40, His46 and Arg52, conjecturing the absence of regulation mediated by molecules containing phosphate groups. EcAGPase: AGPase from E. coli in complex with AMP (EC: 2.7.7.27); 1G2V, glucose-1-phosphate thymidyltransferase (RmlA) from P. aeruginosa in complex with thymidine-5'-triphosphate (TTP; EC:2.7.7.24); 1MC3, Glucose-1-Phosphate Thymidylyltransferase (RffH) from E. coli in complex with TTP (EC:2.7.7.24); 1QWJ, CMP-5-N-acetylneuraminic acid synthetase from Mus musculus (EC: 2.7.7.43); 1WVC: Glucose-1-phosphate cytidylyltransferase from Salmonella enterica complexed with Cythidine-5'-Triphosphate (CTP; EC: 2.7.7.33); 1YP3: AGPase from Solanun tuberosum (potato tuber) in complex with ATP and SO4 (EC: 2.7.7.27); 2GGQ, glucose-1-phosphate thymidylyltransferase from Sulfolobus tokodaii in complex with TTP (EC:2.7.7.24); 2ICX, UDP-glucose pyrophosphorylase from Arabidopsis thaliana (mouse-ear cress) in complex with uridine-5'-triphosphate (UTP; EC: 2.7.7.9); 2X60, GDP-manose pyrophosphorilase from Thermotoga maritima in complex with GTP (EC:2.7.7.13); 3BRK, AtAGPase in complex with SO4 (EC: 2.7.7.27); 3K8D, CMP-KDO synthetase from E. coli in complex with CTP (EC:2.7.7.38); 3PKP, glucose-1-phosphate thymidyltransferase from S. enterica (RmlA-Q83S variant) with 2'deoxy-Adenosine Triphosphate (dATP; EC:2.7.7.24); 3Q7U, 2-C-methyl-D-erythritol 4-phosphate cytidyltransferase (IspD) from M. tuberculosis complexed with CTP (EC: 2.7.7.60); 3RSB: GTP:AdoCbi-P guanylyltransferase (CobY) from Methanocaldococcus jannaschii in complex with GTP (EC:2.7.7.62); 4JIS, ribitol 5-phosphate cytidylyltransferase (TarI) from Bacillus subtilis (EC:2.7.7.40); 4K6R, GlmU from M. tuberculosis in complex with ATP (EC: 2.7.7.23).
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SUPPLEMENTAL EXPERIMENTAL PROCEDURES
EcAGPase Cloning, Expression and Purification -The full-length glgC gene from E. coli BL21 was amplified by standard PCR using oligonucleotide primers glgC_NdeI_Fwd (5´ gggaattccatatggttagtt 3´) and glgC_XhoI_Rev (5´ ccgctcgagtcatcgctcctg 3), Phusion DNA Polymerase (New England Biolabs) and purified genomic DNA as template (Ugalde et al., 1998) . The PCR fragment was digested with NdeI and XhoI and purified by agarose gel electrophoresis. The fragment was ligated to the expression vector pET29a (Novagen) using T4 DNA ligase, generating pET29a-AGPase. The recombinant EcAGPase has no additional amino acids when compared to the native enzyme. E. coli BL21(DE3) cells transformed with pET29a-EcAGPase were grown in 3,000 ml of LB medium supplemented with 25 mg/ml of kanamycin at 37°C. When the culture reached an OD 600 of 0.8, the EcAGPase expression was induced by the addition of 0.5 mM isopropyl b-thiogalactopyranoside (IPTG) and further incubated at 18°C overnight. All EcAGPase purification procedures were carried out at 4°C. Cells were harvested by centrifugation at 5,000 x g and resuspended in 40 ml of 50 mM Hepes pH 8.0, 5 mM MgCl 2 , 0.1 mM EDTA, 10% sucrose (w/v; solution A), containing protease inhibitors (Complete EDTA-free; Roche) and 10 mg/l of lysozyme (Sigma). Cells were then disrupted by sonication (five cycles of 1 min each) and centrifuged for 15 min at 20,000 x g. The supernatant was dialyzed twice against solution A by using an 100,000 Da molecular mass cutoff dialysis membrane. The solution was then applied to a DEAE FF column (5 ml; GE Healthcare) equilibrated with solution A. Elution was performed with a linear 0-0.5M gradient in 100 ml. Enzyme-positive fractions were pooled and precipitated with ammonium sulfate to 1.2 M (solution B). The resultant suspension was centrifuged for 20 min at 10,000 x g and the resulting supernatant applied into a Phenyl Shodex HIC PH-814 equilibrated in solution B.
The enzyme was eluted with a linear gradient of 100% solution B to 100% solution A, in 50 ml. The most active fractions were pooled, concentrated to 10 mg/ml by an Amicon-Ultra spin concentrator (Merck Millipore) with a 100 kDa-molecular mass cutoff, and stored at -80°C. beamline (DLS) with oscillation angle of 0.15° for a total of 1200 images using a Pilatus 6M-F pixel detector. EcAGPase•FBP dataset was collected at I04-1 beamline (DLS) with oscillation angle an 0.10° for a total of 1200 images using a Pilatus 2M pixel detector. X-ray data were processed using the program XDS (Kabsch, 2010) . EcAGPase•AMP•SUC and EcAGPase•FBP forms crystallized in space group P 2 1 with 16 molecules in the asymmetric unit and diffracted to a maximum resolution of 2.67 Å and 3.04 Å, respectively (Table 1) Adams et al., 2010) . The EcAGPase•FBP crystal structure was solved by molecular replacement using the EcAGPase•AMP•SUC model. The complete models were obtained using alternate cycles of manual model-building using COOT (Emsley et al., 2010) and Phenix (phenix.refine) or Refmac5 (Murshudov et al., 2011) , with torsion restraints manually activated for ligands. NCS restraints were relaxed towards the end of refinement and differences between chains subsequently modeled. The ligands topology for AMP, FBP and SUC was refined using CIFs (Crystallographic Information File) generated using PRODRG server (Schüttelkopf et al., 2004) or Grade web server (Global Phasing Ltd.) . It is worth noting that the electron density observed for the connecting region between the two phosphate groups of FBP is poor, leading to two possible conformations (i) the furanose and (ii) the open chain forms. Based on our interpretation of the maps, the furanose form is shown ( Figure S2 ). The experimental data indicate that the EcAGPase•FBP complex is markedly more flexible/dynamic than the EcAGPase•AMP complex. Previous capillary electrophoresis experiments also support the occurrence of a more flexible/dynamic entity for the EcAGPase•FBP complex (Figueroa et al., 2011) . Therefore, the high B factors displayed by the EcAGPase •FBP complex (94.34 for a resolution 3.04 Å) compared to EcAGPase•AMP (33.64 for a resolution of 2.67 Å) reflect the high mobility/dynamic of the EcAGPase•FBP structure. Similar effect has been observed during the structural studies of the allosteric activation of DegS (de Regt et al., 2015) . During the refinement the structure geometry was validated using Molprobity and the ligands checked using pdb-care (PDB CArbohydrate REsidue check; Lütteke and von der Lieth, 2004) . Final sugar analysis and validation was performed using CCP4 package Privateer (Agirre et al., 2015) . Atomic coordinates and structure factors have been deposited with the Protein Data Bank, accession codes 5L6V (EcAGPase•AMP•SUC) and 5L6S (EcAGPase•FBP). Molecular graphics and structural analyses were performed with the UCSF Chimera package (Pettersen et al., 2004) .
EcAGPase Structure Analysis -Analysis of the crystal structures was carried out using Chimera (Pettersen et al., 2004) . Assignment of the secondary structural elements was performed automatically using Chimera implementation of DSSP (Kabsch and Sanders, 1983) with parameters "H-bond energy cutoff = -0.5kcal/mol", "minimum helix length = 3" and "minimum strand length=2". Contacts were analyzed using the default settings considering a Van der Walls overlap of -0.4 Å. Structure superimposition was perform using the tool MatchMaker. Multiple sequence alignments were performed using Promals3D (Pei et al., 2008) .
EcAGPase Thermal unfolding Analysis -Thermal unfolding transitions were recorded on a J-810 CD spectropolarimeter (Jasco Corp., Tokio, Japan) at 222 nm by using Hellma 110-QS quartz cuvettes with a 1 mm optical path. Thermal unfolding was recorded at protein concentrations of 1 µM in 50 mM Tris- where y represents the observed CD signal at 222 nm, y f and y u are the y-axis intercepts and mf and m u the slopes of the pre-and post-transition baselines, respectively, T is the temperature in K, Tm is the melting temperature, and ΔHm is the enthalpy change of unfolding at Tm. Curve fitting was performed with Prism GraphPad.
